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PREFACE

The work described in this report was performed with the suppore,
and using the facilities, of the Military Research and Development Center
at Bangkok, Thailand, a joint United States-Thailand organization., The
cooperation of staff members of the Thailand Ministry of Defense, the
United States Advanced Research Projects Agency, and the United States

Army Electronics Command made possible the work described.

In several éases, work described has been conducted under the super-
vision of, or by, Thai personnel assigned to the Military Research and
Development Center, Examples of such work are the ground constant ef-
fort, accomplished by Major Termpoon Kovattana, and the effort on dipole
orientation, where work conducted in Thailand was under the direction of

Lt, Cmdr. Palbul Nacaskul.

Th:s report summarizes the technical effort conducted under Contract
DA-36-135 -AMC-00040(E) for the period covering 1 Septamber 1964 through
31 March 1965, Readers interested in additional technical detail of
work accomplished are urged to cousult the published reports listed in
Section III. These reports present detailed discussions of specific

scientific invescigations.

The operations analysis work conducted under the contract will be

repcrted separately in accordance wiih a special report schedule.

ii
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I INTRODUCTION

A. HISTORICAL BACKGROUND

puring World War 11, United States military forces operated exten-
sively in tropical areas, thereby gaining considerable practical experi-
ence in communication problens in tropical forest and jungle areas. °
The pressure of military objectives jimited scientific explorations into
many of the specific problenms that arose, resulting in sizable gaps in

our knowlcdge of communication in equatorial regions.

The friendly and cooperative working arrangement existing between
Thailand and the U.S. resulted in the joint study of tropical communica-
tion problems by staff membecs of the Thailand Ministry of Defense and
agencies of the ¥.S8. The Military Research and Development Center (MRDC),
was organized as a joint Thailand-U.S. agency to conduct operational
tests of military hardware and to foster research on many subjects in a
tropical environment, Communications research is a major subject of

interest in MRDC.

The United States Army Electronics Command (USAECOM) and Stanford
Research Institu.e (SRI) under took the task of establishing an Electronics
Laboratory in Thailand to facilitate a first-hand study of tropical com-
munics.tion problems. Staffing of the laboratory is a joint U.S.-Thailand
venture, with U.S. participation larg .0y from members of the staff of SRI.

Figure 1 shows the Bangkok Laboratory Area.

Over-all direction of the U.S. portion of MRDC has been assigned to
the Advanced Research Projects Agency (ARPA) of the Department of Defense.
ARPA actively moritors and directs the work of (USAECOM) and SRI.

This function in Bangkok is carried out by the ARPA Research and

Development Field Unit ( RDFU) .
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B. OBJECTIVES

The purpose of the Task II portion of the project under Contract
DA-36-039-AMC-U0040( E) is to perform scientific and technical investi-
gations and to support MRDC in the areas of tactical and tropical com-

munications, The specific objectives of this eifort are to:

(1) Establish enviromswental sguitability of certain communication

techniques and establish values of envirommental factors.

(2) Solve existing communication problems, and provide
ne.:ssary engineering data te solve f{uture communicaiti. °

problems.

(3) Conduct technical tests of appropriate o(f-the-shelf

equipments.

—

(4) Analyze and evaluate the tests and recommend areas

for future emphasis.

(5) State the equipment requirements to accomplish the task
of jungle field communication based upcn existing and

anticipated tactical requirements.

(6) Train the Thai personnel assigned to the Electronics
Laboratory so that they can utilize the facility,
accomrlishing this training as a natural course of

operating the laboratory,.

{7) Aid electronics projezts in Thailand that appear
especially useful to MDRC basic objectives, and

which enhance the scientific development of Thailand.
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II SCIENTIFIC AND TECHNICAL INVESTIGATIONS

A, PROGRAM OBJECTIVES AND SCOPE

The project effort is concerned with Southeast Asian equatorial and
tropical radio communications. Military communications within Thailand

are either medium-distance, point-to-point communications or short-

distance contact between a base station and a mobile patrol. Either base

or patrol station may be located in many types of terrain or vegetation,

VHF may be used for short distance paths, and where the signal at-
tenuation due to deuse intervening forest is not too great. HKHF skywave
communication is utilized for pathk lengths beyond VEF capabilities, or

for short paths in heavy forest or mountainous areas.

Several ' 1ique communications problems exist because of the usage
of HF for short paths; the use of HF in heavily forested areas; the high
radio noise levels in Thailand due to high tropical thunderstorm activity;
the éffect of heavy forest on VHF; the influence of being near the mag-
netic equator in ionospherically-jropagated waves; and the special mili-

tary problems of the kind of warfare conducted in Southeast Asia,

To study such problems, several related research areas are being

investigated. These major work efforts are defined by the following set

of subtasks, and are augmented by more general efforts in support of the

MRDC laboratory.

Subtask 1--Test and Evaluate Tactical Communications
Techniques and Devices

Subtask 2--Conduct RF Noise Measurements

Subtask 3--Conduct Antenna Orientation Investigations

Subtask 4--Measurements of Ground Constants

Subtask 5--Special Magnetic and Ionospheric Investigations

Subtask 6--Investigate Ionospheric Factors Related to
Local Frequency Prediction




Subtask 7--Investigate Effects of Tropical Environment
on Antenna Performance
Subtask 8--Analysis of Vertical-Incidence Ionospheric

Measurements,

B.  WORK ACCOMPLISHED DURING REPORTING PERIOD

suring the reporting period, work was accomplished on all the above

subtasks. A summarv of the work accomplished on each subtask follows.,

1, Subtask 1--Test and Evaluate Tactical Communications

Techniques and Devices

During the reporting period, the first Jansky & Bailey (J & B)
path loss data from Thailand became availabie¢.!* The data are for ver-
tical polarization, frequency range of 880 kc-400 Mc, distances of 0.2
to 17 miles, and receiving antenna heights of about 7 to 80 feet. These
data were presented in the J & B Report as Figs, 3.4.18 and 3.4.19, and
are reproduced nere as Fig, 2, The transmitting antenna was at 80 feet,
and the recelving antenna was at about 7 feet (height of antenna on
vehicle), These data were taken on radisis with different path profiles.
The forest area is near Korat, Thailand and is described in previous

J & B Semiannual Reports,

It was desirable to relate this data to the performance of
man-pack radios in use, and proposed for use, in Thailand., A Special
Technical Report entitled, "Use of Ground Wave Path Loss Data to Predict
the Effective Range and Performance of VHF Marn-Pack Radios in Forest,"
by George H, Hagn, is in preparation, The AN/PRC-10 was used for example
calculations, The preliminary conclusions reached by Hagn in the draft

report are summarized below.

A definition of the median effective range (lﬁm)f of VHF man-
pack radios for a given communication situation in terms of path loss

data and a measure of system performance (error rate or intelligibility

* References appear at the end of the report.

1 This can be considered,on the average, to be the maximun range,
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score; etc,) i3 given as the range at which the probability of successful
communication is 0,5 (by some a priori agreed-upon criterion). Statistical
bounds are placed upon RME’ and an example calculation for the AN/PRC-10

is given for the situation of communication using a set at bacl-pack level
and a set elevated to 80 feet in a tropical forest environment and operat-
ing on 50 Mc. For the case of 10-foot whip antennas (long whip issued
with the set) employing vertical polarization, the maximum permissible
basic transmission loss (meax ~ 115 db) R p ~ 2-1/2 miles, and an esti-
mate of the probable error (50 percent confideuce bound) indicates mini-
mun and maximum anticipated effective range bounds of 1 and 4-172 miles,

respectively.

One can observe from Fig. 2 that if one has a system operating
at its maximum range, the increase in system sensitivity (jacrease in
maximum permissible path loss) required tr provide a given increase in
range is itself a function of range. Such an increase in maximum per-
missible path loss could be achieved by using an auxiliary amplifier (such
as with the AN/PRC-25), or possibly a higher gain antenna, Figure 3
shows the probable increase in system sensitivity in decibels {increase
in maximum permissible path loss) needed to increase the maximum range
of point-to-point communications by a desired amount in the forest where
the J & B measurements were made near Pak Chong, Thailand at 50 Mc and
for the parameters shown., For the case examined (RME ~ 2.5 miles), the
increase required to double RME for the AN/PRC-10 in the tropical forest,
50 Mc, and vertical polarization was approximately 15 db,

Such an increase in range can also be obtained by decreasing
the path loss, which can be accomplished by elevating the back-pack set
antronas, This is possibly a more expedient solution in the field wﬁen
auxiliary amplifiers and antennas are not available, Figure 4 shows the
bounds on the measured receiving antenna height-gain curves for the

example case.

The values in the shaded area depict the measured receiving
height gain in vegetation from ranges from 0,2 to 10 miles and this
relationship is seen (within t%e bounds shown) to be independent of range

over this interval., Calculated height gain functions for a flat earth

7
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eénd no vegetation, as obtained from the U.S. Army Radio Propagation
Agei.cy RPA Techunical Report 32 and an estimaie of the same function

pased on a calculation presentsd by Bremmer,3 are shown for comparison.

The results shown in Figs., 3 and 4 are replotted in Fig. 5 to
depict the increase in maximum rauge {(over the maximum range for Hr =2 ft)
for various antenna heights. In the above example, Rmé for the AN/PRC-10
could be doubled by elevating the back-pack antenna to approximately
50 feet.

It should be noted that these conclusions about medion effective
range are preliminary and apply only to 50 Mc with vertical polariza-
tion in the forest for which the data were available. The values, when
corrected for anienna height eifects, agree reasonably well with those
estimated by Hagn in November 1964 and Shrauger and Taylor in February
1965 for the AN/PRC-10 used at pack-pack heights in the forest area north
of Rayong, Thailand.

2, Subtask 2--RF Noise Measurements

During this report period, a aumber of efforts have been applied
to the study of radio noise. These may be summarized as: a low-noise
field site survey; a literature search on the application of ARN-2 type
of data to radio systems; design of the ARN-3 type of noise measurement
equipment; antenna (coaxial feed with and without balun) noise measure-
ments; & study of band occupancy; operation of a unoise dirsction finder;
s+udy of the correlation cf thunderstorm activity and radio noise maps;
study of local noise with a lightning flash counter; and study of
various noise properties and characteristics by means of a six-chanunel

VLF noise recorder. Examples of some of these efforts follow.

a. Selection of MRDC Low-Noise Field Site

Nolse-measuring equipment (ARN-3 type) has been designed
for use in Thailand in accordance with an nBs*® prototype model. The
present MRDC Electronics Laboratory field site in Bangkok has high man-
made noise levels and, therefore, is not suitable for atmospheric noise

measurements. After formulation of electrical and logistical requirements,

# National Bureau of Standards
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a brief measurcmeat program produced recommendations

site for such measurements.

The j.rincipal unit to be installed at

is a four-channel A'W-3-type uoise measuring device,

Jraer equipment will be riometers for

= = s e

for an appropriate

the low-noise site

measuring cosmic

noise and determining changes in noun-deviative ionospheric abscrption

and its variations, and one or more lightning flash counters. The six-

channel VLF noise measuring equipment (on temporary loan and designed

for other purposes) would be replaced by suitable auxiliaries to the

ARN-3 to take over its fumction.

Dopgplometers and magnetometers might also be used at this

site, However, the use of other electronic equipment, particularly

transmitters, will ve discouraged.

Test site requirements are:

(1) It must be at least 1/2 km, and preferably

1 km, from all main roads., (Our subsequent

measurements show at least 1 km is required.)

(2) It must be 3 km from electrical power dis-

tribution lines above 5 kv.

(3) It should have a low horizon (4 degrees or

less) in all directions, in order to compare
data taken on a CCIR standard ARN-2 whip

antenna with data from the CCIR world noise

measuring network,

(4) It should be located not mcre than 2 hours
by automobile from the MRDC Electronics

Laboratory.

(5) It must be accessible from a main road in

all seasons,

(6) It must have a usable area of approximately

300 by 300 meters,

12
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(7) Its surround.ag aree must be free of struc-
tures and man-made activity except normal

agricultural operations.

(8) It requires a house, or similar structure,
suitable for housing electronic gear, An
alr-conditioned van with floor dimensions
of 8 by 24 feet would be suitable if a house
cannot be found, Generator and storage

sheds would have to be coustructed.

(9) It should be cn land controlled by.éﬁ
agency of the Thai government, since per-
mission must be obtalned to pour concrets
pads, construct sheds, erect antennas, and

instaill electrical power generators.

(10) It should have a man-made noise level con-
siderably lower than that at the Bangkok
Laboratory site at all frequencies, VLF
and higher, and a reasonable chance of re-

maining "quiet.”

With the above considerations in mind, & study of geo-
graphic, thunderstorm, and electrical distribution maps of the area within
about two hours driving distance uvf the MRDC Electronics Laboratory was
conducted. Four possible areas were selected from the maps, on the basis
of generally good accessibility, low population density, good roads,
good weather, and flat terrain,

Diurnal measuremsnts at three possible sites wore con-

‘ducted over a 24-hour period. Ia November-December 1964, such measure-

ments were conducted ky Rangsit Chindaphorn, R, L, Brown, and Lt, Chaikamol
Lumjiak, RTAF, To avoid any day-to-day variability, parallel measurement
was made at the MRDC Electronics Laboratory in Bangkok, We thus obtained

a comparison between all sites, including Bangkok.




As a result of the established criteria, the site chosen
is that at L¢ em Chabang, A schematic map showing the sites investigated
is shown in Fig. 6.

b. Determination of Effective Operating Radius
of the Lightning Flash Counter

Lightning discharges are known to occur within and between
clouds, from cloud to air, and from cloud to grcund. In studies of atmo-
spheric radio noise and characteristics of thunderstorms, an instrument
known as a lightning flash counter is used to record all types of light-
ning discharges occurring near the counter. Such counters help determinz

that component of chserved atmospheric noise oi lccal origin,

There are two types of lightning £lash counters iu comnon
use, One is the ERA counter, with a frequency response from 100 cps te
2 k¢, With this type, the intensity of the impulses that actuate the
counter varies with distgnce from scurce accerding to an inverse cube
law (electrostatic component). The other type of lightning flash counter
is the CCIR counter, which has a pass band of 2-40 ke, With this counter,
the intensity of the impulses varies with distence from sourco according
tc an inverse distance law {radiation component). Since the variation
in magnitude of the impulses originating at any given distance is con~
siderable, the effective range is moive accurately defined by the inverse
cube law {ERA ccurter) than by the inverse distance law (CCIRE counter).
Thus, the response of the ERA counter is more truly representative of
local lightning frequency, whereas the CCIR counter functions partly on
local discharges and partly on VLF atmospherics of more distant origin

to give an output more representative ot cowmunication interferenca,

A CCIR counter was constructed for use by tha MRDC
Electronics Lakoratory. It responds to induced pulses of 6 volts from
the aerial, and iightning flash data are recorded on a mechanical
counter-register. This counter was testec by graduate students of
‘Chulelongkorn University, in the High-Tension Laberaiory. Both the sen-
sitivity of the counter end its response to various iaput pulse amplitudes
vere lnvestigated and were found to be¢ in accordance with design expec-

taticns,
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The effective overating radius, R, of the counter has been

calculated by Dr. E. T, Plerce, Brieily, he used the followlng procedures:

(1) First, it was estimated that within the acceptance
band of the counter, the median impulse from a
cloud flash was 8 db less than the median im-
pulse generated by a discharge to earth (see
Fig. 7). The individual impulses from both
cloud and ground flashes were taken as log-
normally distributed around their respective

medians with a standard deviation of 6 db.

(2) Using this distribution, the fractions of both
types of discharge counted were obtained as 2
function of the counter tnreéhold setting rela-
tive to the median impulse from a cloud flash
(see Fig. 8).

(3) The threshold of the Bangkok CCIR-type counter
was then determined by using the observational
fact that some 10 nercent of all flashes at a
distance of 15 km operated the counter (see
Fig. 9). It wos assumed that, as is typical
for a tropical country, 90 percent of the
discharges occur in the clowds. With the
known threshold, the inverse distance law was
used to estimate the proportions of cloud and

eartn flashes counted as a function of distance,

{4) Finally, uniform activity of n flashes per

square kilometer was assumed. The total
number, N, of flashes counted with the

known threshold was obtained by integrating
over all distances, and the distance, R,
determined by eduating N to nRzn. The result
gave R ~; 11 km, If a zone is defined by the

radlal distances r - 1 and r + 1, the area

1s6
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of the zone is 4mr, and the total flash activ-
ity per zone is 4mnr., With the threshold set-~
ting of the Bangkok counter, Fig. 10 shows the
counts per zcne as a function of r. The zone

r = 10 would have 40mn total flashes, 36mm

being cloud discharges; Fig. 10 shows that,

from the r = 10 zone, 8m cloud flashes and
2.7 ground flashes are counted, It is note-
worthy that, for flashes to earth, the contribu-

tions from zones with r > 11 km are quite large.
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FIG. 10 COUNT CONTRIBUTION BY ZONAL DISTANCE
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The CCIR type of lightning flash counter wis installed at
the MRDC Electronics Laboratory in May 1964 and is still operating. The
covnter records the number of flashes per day, the information being
plotted on a graph that indicates flash activity per day during a period
of one month, Sample plots of counts observed at Bangkok were shown in

Semiannual Report 3. Additional data will be presented in future reports.

@a Propagated and Local Atmospheric Noise

Atmospheric noise is generated by lightning impulses over
a very wide frequency range. The peak radiated fields are produced in the
VLF band (3-30 kc), but appreciable signals occur at all frequencies up
to 1 Ge and higher, The character of the source signal changes with
increasing frequency. At VLF, a lightning flash radiates stroug impulses
associated particularly with the heavy current surge of the return stroke
in the flash to earth, These impulses are separated typically by quiescent
intervals which may last several teas of milliseconds, Conversely, at
HF (3-30C Mc), the noise is quasi-continuous over tihe entire duration of
the disciiarge which may approach a second. The largest impulses are only
two or three times as great as the general backgrouni. Over the MF
frequenc/ range, the structure of the source signal is intermediate.
There is an almost-continuous bhackground extending over the entire time
that discharge processes are occurring, but there are also super-imposed

impulses, sometimes as large as ten times the background.

Above approximately 5 kc, the fields radiated by lightning
decreuse with increasing frequency. For example, at 400 kc, the source

field strength is about half (6 db down) that at 200 kc.

After their production at the lightning flash, the noise
sigunals propagate outwards, Generally speaking, the signal strength will
decrease with increasing distauce, but in a dispersive (frequency-dependant)

manner, Thus, the original source spectrum is modified by propagation.

Atmospheric noise as measured at any particular station
will repres:nt a combination of signals from thunderstorms at many ranges.
At most times, however, even in a troplcal country such us Thailand, the

greatest contribution to the mean observed atmospheric noise level comes

21




from distant storms. As an estimate, Thailand has about 10C thunderstorm
days per year, and, during perhaps 6 hours of each day, noise records

are dominated by close iightning, Thus, about 7 percent of the time,
local storms are the most important noise source; duriug the remaining

93 percent of the time, distant storm centers are the significant
generators, Most available noise information relates to average values
which inevitably reflect this predominance, in the time sense, of distant
storms, Communication circuitry is thus designed essentially to accom-
modate the noise levels due to the distant activity which, although often
sufficiently high to be a nuisance, is rarely intolerable. Conversely,
the violent increase in radio noise accompanying a local thunderstorm can

be catastrophic in its effects on communications,

Levels of propagated and local atmospheric radio noise are
indicated on the six-channel VLF noise recorder, A comparisou of noise
levels on a quiet day {(no local storm activity) with a condition of local
aivospherics is shown in Fig. 11(a). Data for 18 June represent a quiet
day, with the usual afternoon rise at 1600 hours, while 17 June was a
day with intense local atmospherics, reaching a peak of Fa* = 123.,7 éb
at 1300 hours,

The graph showing data taken at 260 kc, indicates a 16-db

increase in noise level due to a lceal storm as compared with a quiet day,

# Fa = Effective Antenna Noise Figure = External Noise Power Available

from an Equivalent Short, Lossless, Vertical Antemna in db Above ktb.

Fa in db is related to the rms field strength at the antenna by the
following equation:

= .2 - .
En Fa 1+ 20 1og10 ch 65.5 ,
where:

En = the equivalent vertically polarized grwunl wave rms noise
field strength in db above 1 pv/meter fcr a 1 kc band-
width.

ch = the frequency in megacycles/second.
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Figure 11(b) is another example of the .ame type of comparison (at

200 kc), except that the noise peak sccurs at a different time of day.

As an example of the diurnal variation in the median hourly
value of measured noise level at the MRDC Bangkok Laboratory, there was
a 16-db difference between the nighttime propagated noise level and the
low daytime level at 200 kc for the month of May 1964,

The six-charnel VLF noise recorder is shown in Fig. 12,

d. HF Spectrum Occupancy Experiment

A brief spectrum occupancy experiment was conducted at
the MRDC laboratory in Bangkok., The purpose of the experiment was to
gather data on the 2-12 Mc frequency spectrum usage at Bangkok, partic-
ularly to observe radio stations and man-made interference, and to experi-
ment with and evaluate diffeirent methods ¢f conducting this type of

measurement,

The data collected duving this experiment gave a general
idea of the 2-12 Mc spectrum usage near Bangkok and some of the character-

istics of the stations occupying this frequency spectrum,

In the data collection method selected, a motor and gear
reduction system tuned a receiver while the receiver output was recorded
on a strip chart recorder. This method automatically produces a plot of
amplitude vs, frequency and therefore gives a useful picture of the
spectrum, By breaking each 1-Mc band of the frequency spectrum into
four scgments, one graph can he used to display each 1-Mc band of the

epectrum,

The frequency is marked at every 10-kc point of the first
250-kc scan with the marker pen. The signal level is calibrated with a

signal generator at the start of each 250-kc scan,
The following equipment was used in this experiment:

(1) One R390-A/URR Receiver
(2) One Offner Dual Chanuel Recorder
(3) Ome Hewlett-Packard 606A Signal Generator

24




SIX-GHANNEL VLF |
NOISE_RECORDER

FIG. 12 SIX-CHANNEL VLF NOISE RECORDER
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(4) One 15-foot whip ontenna
(5) One zc synchronous motor with 0,5 rpm gear

reduction drive.

Figuic 13 1is a sample spectrum occupancy chart, The
chart covers 1 Mc of the spectrum. FKreguency is read on the horizoatai
axis; the signal level is read on the vertical axis., The 1-Mc band
displayed on the chart is broken down into four 250-kc scans. The top
scan covers 0-250 ke; the second scan covers 250-501 kc; the third scan
covers H00-750 kc; and the fourth scan covers 750-0 kc of the next higher
band. 'The signal level is indicated in decibels, with 1 pv used as the
reference. This is the level delivered to the receiver input, and does
not take into consideration the effecis of antenna mismatch, etc. Charts
were made between the hours of 1200 and 1600, local time, but not all on

the same day, for the 2-12 Mc frequency range.

Other charts were similarly made tc indicate variation of
spectrum occupancy with time of day for various frequency bands, variation
in results with type of receiving antenna, variation of occupancy from
weekday to wecek end, and presence of broadcast band station harmenic
radiatiorn (Fig. 14). Some of the harmonics of the stations in the top
250-xc scan were identified by ear; these are shown in ¥ig., 14 by the
arrows pointing hetween the fuudamental frequencies (top scan) and the

harmonic freque:cies (two lower scans),

The method used in this brief experiment worked well,
Future experiments could be conducted to give adequate results according
L0 the experience gained in this experiment. With proper receiver IF
bandwidth, some types of station modulation may be distinguished from

the character of the recordings.

Figure 15 shows received signals for the a®ternoon periob.
The highest density of stations occurs in the 8 M- region., Figure 1%
shows that station density is lowest at 1400, local time, with peaks at
0800 and 2000. Density is consistently greater in the 6.5.6.75, 11.5-
11.75, and 2,5-2,75-Mc bands. No clear evidence exists for any weekdav

to week end change in siatioa density, as shown in Fig. 17.
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e.  ARN-2/ARN-3 Noise Measuring Equipment

A most useful noise measuring device is the ARN-3 noise
recorder. This type of equipment operates automatically; provides usge-
ful, standard data (comparable to CCIR data); and its measurements will

apply to large areas of Thailand,

A new, specially-designed ARN-3-type, Rf'-noise~-measuring
device is being acquired to provide long-term, reliable noise measure-
ments, as well as other special test data, The data obtained by use of
such an instrument would be supplementary to and compatible with existing
worid-wide noise data. Also, adequate data on tre limits of man-made
noise in the Bangkok area should be collected. This can be done by using
a second (portable) ARN-3, Construction of the ARN-3-type equipment
awaits action on SRI Proposal RNo. ELU 64-140,

The literature survey of application of ARN-2-type data
to radio systems has resulted in collection of a considerable number of
papers on this subject. These have been studied, forwarded to Bangkok,
ing used in studies there in preparation for analysis of the

data to be collected during the ARN-3 noise measuremcnt nrogram,

The noise direction finder, together with world thunder-
storm maps and radio maps, provide information on general seasonal trends
regarding noise arrival dirzction. However, world ihunderstorm activity
is so heterogeneous that discrimination against higher noise levels from
certain azimuthal directions at HF does not appear very practical, except
possibly during certain seasons. Benefits that may be derived from
utvilizing antenna directivity to increase signal-to-noise ratio will be
indicated by noise angle-of-arrival tests scheduled to be performed at
the low-noise site at Laem Chabang, employing the ARN-3 to give both
relative and absolute signal and noise va ues. These tests will check
both avimuth and elevation angle of arrival as a function of time of day

and season, as well as polarization effects.

Design of receiver modifications--to enable the ARN-3

equipment to accept VIF (3, 10, 27, and 160 kc) and thereby replace ihe
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6-channel VLF recorder--has been accoiplished. The siandard ARN-2 an-
tenna has been obtained (base insulator loaned by the National Bureau
of Standards, CRPL, Boulder, Colorado) and shipped for assembly at the

low-noise site.

f. Noise Reduction Experiment Employing Balun on 4-Mc Dipole

When coaxial cable without a transformer is used as the
transmission line for a horizontal dipole antenna, an unbalanced system

results, and vertically-polarized noise may be picked up by the feedline

and added to the desired receiver input signals. Use of a transformer
between the end of the coaxial cable and the dipole feed results in a

balanced system.

A brief experiment was conducted at the Bangkok laboratory
to determine the possible improvement in signal-to-noise ratio by the use
of a balun transformer with a 4-Mc horizontal dipele antenna employed for

receiving.

In the experiment, a transformer and relay arrangement was
installed at the center of a dipole antenna, elevated about 30 feet, such
that the transformer could be switched in or out of the system from the
laboratory, located just at the edge of Bangkok. The ratio of a desired
4-Mc signal arriving at high angle to the combined ambient, man-made, and
atmospheric noise was increased about 10 db when the transformer was used,
in contrast to the unbalanced system. Figire 18 shows a schematic of the
system utilized. Insertion loss of the balun was about 1 db at 4 Mc,
Thus, the net improvement for a system using dipoles with baluns for both

transmitting and receiving would be 9 dt for this example.

Use of such transformers with horizontal dipole antennas
should reduce receiver ncise levels caused by vertically-polarized, man-
made or atmospheric noise, and should be especially useful with HF man-
pack sets since these sets are not easily grounded, The insertion loss
of properly designed ferrite core baluns should be the order of 1 db or

less, and consequently should not degrade system performance appreciably.
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3. Subtask 3--Antenna Orientation Investigations

A series of HF antenna orientation measuremente were conducted

from December 1963 to October 1964. These measurements were based upon

the magneto-ionic theory with a view to ontimizing the orientatior nf a
linearly-polarized antenna, such as a half-wave dipole, for short-range

communication via the ionosphere near the gecmagnetic equator, The

practical application together with its limitations has been considered.
Continuous-wave measurements (performed with the goal of determining a '
suitahle wave mode of propagation and hence the desired orientation of §
horizontal dipoles) demonstrate the superiority of the ordinary wave

for overall performance over a major part of the day when communication
traffic is normally active., Pulse measurements have confirmed the results
of the CW measurements and have given additional information on the coup-
ling between the ordinary and extraordinary modes, amplitude and phase
stability of received waves, and ionospheric layers supporting these
waves., Overall results of the CW and pulse tests suggest that, although
the optimum orientation of horizontal dipoles for both transmission and
reception is parallel to the earth's magnetic field, communication per-
formence may be further improved by polarization diversity reception.

Use of an additional horizontal dipole aligned orthegonally to the north-
south dipole permits use of the extraordinary mode whenever the ordinary
wave fades or beccomes inferior. Polarization diversity and ite properties
have been investigated by radio-teletype {RTTY) measurements, which afford
a ready means for asscssing performance of various antenna configurations
from a RTTY systems viewpoint. OCverall resuits of this study produce a
simplified method of planning HF communication network antenna design for

Thailand.

The antenna orientation effort has been conducted in three

phases: CW, pulse, and diversity tests. Initial CW test efforts and

results were discussed in Semiannual Report 3.

Further CW data analysis, pulse tests and results, and diver-
8ity tests and results are described in detail in a special technical

report now nearly complete.
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The additional CW data analysis has considered the follewing

factors:

(1) Diurnal variation
(2) Mode coupling
3

(3) Fading characteristics

(n) Number of fades per minute
(b) Duration of fading
(c) Severity of fading

(4) Noise at the receiver input
(5) Benefits of diversity,

a. Pulse Measurements

Use of the pulse-recording method enables one to distin-
guish various modes of propagation, including virtual heights of reflec-
tion, Amplitude stability and a measure of multipath and phase stability
can be obtained from pulse data. The ability to obta’n information on
these factors is the decided advantage of the pulse method over the

CW method.

The pulse test was designed with a view to validating cer-
tain aspects of the magnetc-ionic theory leading to the optimization of
antenna orientation and obtaining ranges within which the findings may be

used. Figure 19 shows the block diagram of the pulse transmitter utilized.

b, Radio-Teletype Measurements

A preliminary study of CW and pulse data indicates that,
although one pure characteristic wave is more suitable for ionospheric
propagation during a specific time of day, the communication may be
further improved by the use of a polarization diversity reception system,
Such a system might even be better than the standard Space-diversity
setup in common use. One polarization-dependent system uces crossed
horizontal dipoles (one dipole oriented parallel to, and the other dipole
oriented orthogonal to, the geomagnetic meridian) and is referred to as

polarization diversity. Another system, referred to as hybrid diversity,
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attempts to combine the advantages of polar‘=zation diversity (usinz N-S
and E-W horizontal dipoles) with the advantuges of space diversitiy, with
the two orthcgonal dipoles spaced a certain distance apart. This distance,
tynically about tw> wavelengths for a space~diversity system using par-
allel dipolc= might be reduced by orientation of spacea antennas for

poniarization diversity with equivelent results,

A short test with radio-teletype equipment was designed
to obtain an 1ndication'of the relative performance of these diversity
systems for use on short ionocspheric paths near the magnetic equavor.
Brief measurements were performed at 3,4 Mc over the Bangkok-Ayutthaya
circuit with AN/GRC—BG(A) radioc teletype sets to investigate and compare
tle perlormance of the hybrid diversity reception with the recention of_
oneg characteristic wave, the ordinary, Tests were conducted in both ]

directions, with little difference in time, sc¢ that the S-to-N .nd N-to-S

transmissions might be directly coupared.

Various types of polarization diversity reception were
investigated and compared with the usual space diversity receptioa of
radio-teletype over the NW-SE Bangkok~-to-Choliburi circuit, approximately
the same distance . t*that of the N-S and S-N Bangkok-Ayutithaya circuits
(66 ¥m), spacing for the spaced antennas w s 600 feet, as recommended
in U.S, Army Technical Manu 1, TM 11-582(-202-10, At 3.4 Mc, this
corresponds to two wavclengths. Spacing for the hybrid antennas was
450 feet (about 1.5 waveleugths), Antenina systems used are shown in
Fig. 20, The Bangkok-to~Cholburi test circuit was chosen because the
NE-SW antenna, besides being the r~commended space-diversity-system
ante. 1a, also launches the ordinary wave, as well as the extraordin.ry,
and is thus suitable for investigation of polarizestion-diversity szhenmes

using bovh waves,

The resuits of these tests, which involved the transmissicn
of a simple message (e.g., RY) and the counting cf errors, are shown in
Fig. 21, 1In this brief test, the polarization-diversity system was

superior to tne other systems tested for most of the day.
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C. Summary Remarks

Final data analysis is nearly complete on the dipole
orientation work. A decided advantage has been shown for circuits using
N-S oriented dipole antennas relative to those employing conventional
broadside orientations. Also, diversity circuits using magnetically
oriented, crossed-dipole antennas that are closely spaced have receiver
outputs with lower amplitude correlation and lower teleiype error rates

than conventional sp ced-diversity receiver outputs,

A comprehensive technical report is being prepared to
describe in detail the measurements, their vresults, and conclusions

derived from the experiment.

To indicate some of the consequences of this subtask, the
following iniormation on an application of dipole orientation in Vietnam
is extracted from the CDIC-V Quarterly Report for the fourth quarter of
1964:

The antenna installation in the CDTC-V compound has been com-
pleted. A north-south doublet has been installed and its being
used on the Bangkok circuit at 320° azimuth and on the Buon
Brieng circuit at a 20° azimuth, While no qualitative data
have been recorded, the Buon Brieng circuit has been checked
with both N-S and broadside antenna orientation. A six db
impiovement in received signal streagth when using the N-S

antenna has been noted on the KWM-2A S-meter at both stations.

4, Subtask 4--Measurements of Ground Constants

The ground constant measurement program was described in Semi-
annual Report 3. Little additional work was accomplished during the first
part of this reporting period due to the rainy season. Preparations were
made for a few additional measurements in Northeast Thailand which were

started in March 1965,

Reviewing briefly, the two techniques employed are the wave
tilt method and the field strength method.
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The wave tilt method involves aligning a linear antenna for
minimum raceived sienal, measuring tie antenna angle relative to mean
ground level (wave tilt angle required to satisfy the boundary condi-

tions) and using the relationship,

tan 0 L. ‘

Y €r

to calculate the relative dielectric constant, where,

6 wave tilt angle

i

€ relative dielectric constant .

r

This equation holds for we >> O where ¢ = eo = permittivity of free

ec ,
space, ¢ = conductivity, Consequently, thertgchnique is of more use at
the higher frequencies., The wave tilt method for measuring dielectric
constant has worked well for measurements made on dry soil; however, the
resolution is very poor for such highly conducting earth as wet soil,
where the wave is virtually untilted (tangential electric field must

be zero to satisfy boundary conditions for a perfect conductor; i.e.,

zero tilt ). The wave tilt method tells the average dielectric constant

in a relatively small area near the receiving anterna. This is especially
useful in determining the ground reflection coefficient used in antenna

directivity pattern calculations,

Measurement of the field strength decrease with increasing
distance of the receiver from the transmitter provides a convenient
method of estimating ground conductivity (the greater the conductivity,
the less rapid the signal decay with distance). The technique is to
plot several data points at different distances on a graph of path loss
values calculated for various ground constant combinations. One then
does a best fit (curve matching) and assumes the ground constants are
those of the calculated curve that provide the best fit t5 the measured
data. To do a good job of matching, one needs data on relatively long
radials (up to 25 or 50 miles preferred), The values obtained are thus
the average valuas over a relatively large area. One problem with this
technique is obtaining a lomogenecus, relatively smooth ares of sufficient 5

extent for the average values obtained to be meaningful, rhis technique
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usualiy lends itself more to measurements at lower frequencies, where

effects of ground irregularities tend to be less significant, One bene-
fit of the technique is that the data obtainsd apply rather directly to
radio propagation problems one might solve by use of ground constant '

information.

Maps of ground constants in Thailand are being prepared, where
appropriate, to summarize the results of this measurement program, as

part of a comprehensive report.

5. Subtask 5--Special Magnetic and Ionospheric Investigations

a, Faraday Rotation Satellite Rereption

The MRDC Electronics Laboratory at Bangkok has recorded
54-Mc signals from satellite Transit-4A, 20- and 41-Mc signals from
satellite Beacon-S66, and signals from satellite San Marco, 84A, The
signsl from Transit-4A is becoming weak, sporadic, and essentially
unusable, Primary effort is of reception of 5-66 on 20 and 41 Mc,
Recording of San Marco, 84A, took place for about 10 days, in a joint
Singapore/Bangkok long-distance satellite signal reception experiment.
Satellite reception continues on a routine basis. Ionospheric electron
density values are tabulated for each pass, Thus far, however, only

data from Transit-4A have been analyzed,

When a linearly-polarized electromagnetic wave is propa-
gated through an ionized medium {e.g., . “nosphere) and is under the
influence of the earth's magnetic field, the wave'!s resultant polariza-
tion vector is gradually rotated along a helical path. This phenomenon,
commonly referred to as the Faraday rotation, is due to the property of
the ionosphere which splits a radio wave into two characteristic modes.
Each characteristic mode follows an independent psth from satellite to
receiver, The phase path leingths of these modes vary with time at a
slightly different rate as the satellite moves, causing a rotation of the
resultant polarization vzctor, The rate of rotation .s approximately
proportional to the columnar electron density between the sateliite and

observing station.
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The Faraday rotation observed during the reception of
radio signuls from a satellite has been successfully used to study the
composition and structure of the entire thickness oi the ionosphere
over a wide range of latitudes centered on Bangkok, particularly that
part ahove the F-layer. Measurements by ionosondes from the earth's “"*
surface c'n be made only in the part of the ionosphere below the F-layer
and only from the limited number of earth sounder locations. From the
total number of Faraday rotations obtained from analysis of the record-
ings, one can determine the number of rotations due to the influence of
the earth's ionosphere and magnetic field; and from this, determine elec-
tron content, equivaient slab thickness, and distribution of irregulari-
ties of the ionosphere near the equator. A knowledge of the colunnar
ionospheric elecfron density variation with time and latitude provides
data on the validity of various theoretical models of the equatorial
ionosphere. The satellite program also provides valuable data on the

local ionosphere and the variation in d2nsity of the F-layer with latitude
(trough effect).

Twc methods of Faraday rotation analysis are used to
determine ionospheric integrated columnar electiron density. The simple
method utilizes the rate of Faraday rotations to determine the localized
content near a certain geographical region known as the traasverse
position, A more complex and complete method of analysis uses the actual
number of rotations, measured frow the transverse condition position, to
determine electron density over a wide range of latitudes. 1Initial an-

alysis efforts used the first methed.

The more complete method was recently used in a joint
Singapore/Bangkok/Hong Kong anaiysis. It is expected that ithis method
will be applied to selected orbitai passes common to all three stations

to yield valuable density vs. latitude data.

The polarized rotation experienced by a linearly polarized

wave, based upon simplifying assumptions is given by:4

i; = (.}‘rNdh, (1)
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where,
R is the rotation rate in rotations/minute
2
rNdh is the effective electron content within a m
vertical column from the observer to the satellite

G is the coefficient of rotations/minute/[Ndh

If G is known, we can calculate deh from Eq, (1),

The vairues of G have been computer-calculated for the
Bangkok region by the Department of Scientific and Industrial Research,

Singapore.

The assumptions used in our analysis are discussed in

detail in Ret, 4,

Figure 22 shows the variation in the angle of the satel-
lite's transmission path with the geomagnetic intensity vector as the
satellite makes its passage. The unique orbital positien (transverse
position, TO) shown in the figure, occurs where the angle between the

ray path and the earth's magnetic field is 90°.

Values of G are used for the rate method, while values
of G are used in the rotation method. Values of G are computed by
considering the effects of refrsction on the ray path and by including
a m?del of the earth's magretic field in the computer program, Values

of G are derived from the G values,

The variation of content with latitude will be determined
in the future, using the more detailed method of analysis, for selected
passes which allow data overlap between recordings from Bangkok, Singa-
pore, and Hong Kong. This full method of analysis yields accurate
results, and indicates the nature of large horizontal gradients which

extend over many degrees of latitude.

Figure 23 shows a typical record of ohscrvations made by
the MRDC Electronies ILaboratory. The top channel shows the timing marks;
the lower channel shows the linear display of the signal amplitude picked

up by the dipcle antenna. The spacing between nulls corresponds to a
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rotation of the resultan. wave polarization. F¥or record analysis, an
arbitrary zero was chosen at an amplitude minimum near the bsginning of
the continuous section of the fading record. Every other minimum was
then numbered, because the spacing between the nulls corresponds to

mm redians, and two minima occur for each complete rotstion of the plane
of polarization. The rotation rate was calculated by averaging the
number of rotations for 15-20 seconds, and was also plotted against

time. A sample of the recording analysis is shown in Fig. 24,

-~

The results of the analysis are given for the satellite's
ascending and descending pass observation periods. The following results
are deduced from about 170 satellite passages during March-October 1964,
Figure 25 shows the electron content as a function of month and local
time of each observation, and a smoothed curve has been drawn through
the points to show the diurnal Qariation. The electron content during

the daytime is about 20 X 1016 electrons/mz, but during the night time

it is very low--less than 5 X 1016 electrons/mz.

Signals from three satellites are currently being received
at the MRDC Electronics Laboratery, Bangkok: Omicron 1, S5-66, and 18964-
84A., Omicron 1 transmits on 54 Mc; S-66 transmits on 20,005, 40.010,
and 41,010 Mc; and 1964-84A transmits on 20,005 Mc. These signals are

received and the amplitude detected in order to record Faraday rotations.

The antennas used are horizontal dipoles. 7o minimize
response to any vertically-polarized field component (mostly man-made
noise and interference), a balanced 72-ohm-to-72-ohm transformer was
instelled at the antenna terminals to feed the coaxial transmission

linez to the receivers.,

The 54-Mc signal from Omicron 1 is weak, and to ensure
reception, a low noise 54-Mc transistor pre-amplif.er was designed and

builit,

Since the laboratory is located in a very nigh impulse
noise area (C-2 sounder, ignition noise, etc.) an impulse noise blanker

and detector was designed and built. This unit ojerates quite successfully.
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sosurate one-minute time marks for the recorder marker

pen are ottained from the frequency standard time divider through a

one-shot muitivibrator.

To record satellite passes occurring during nonworking
hours, some means had to be found to turn the recorders on and off at
precise times. It was decided that perforsming this twice automatically
within a 16-hour period would suffice. Autcmatic digical time equipment
was designed and constructed to automatically turn on the receiving and

recording equipment when a satellite pass occurred.

A block diagram and a photograph of the satellite receiving

system are shown in Figs. 26 and 27, respectively.

b. Magnetometer and Riometer

In the implementation plan for Subtask 5, a riometer and

magnetometer are two additional pieces of equipment specified for studying

-

the r2lationship between solar activity, and equatorial-area magnetic

field, and ionospheric stability; and obtaining a measure of D-region

absorption. i
3
An antenna has been designed for use with the riometer,
References related to the selection and usc of the magne-
tometer and riometer have been collected in preparation for their use. i

Centractual permission to obtain the equipment is expected early in the

next reporting period.

6, Subtask 6--Ionospheric Factors Related to Local Frequency

Prediction

a. Frequency Prediction Repori Summary

Ionospheric data taken by U,S. Army Radio Propagation
Agency (USARPA) personnel using a C-2 sounder in Bangkok, Thailand have
been compiled there by Vichai T. Nimit and published by SRI as monthly
bulletins, entitled "Ionospheric Data: Bangkok, Thailand,"” during Sep-
tember 1964-March 1965. These reports have been distributed to interested
scientists and agencies, including International Geophysical Year (1GY)

World Data Center A. Additional copies may be obtained from
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Stanford Research Institute, Menlo Park, California as available; also,
a 1imited number of copies are available from IGY World Data Center A,
Airglow and Ionosphere, CRPL, National Bureau of Standards, Boulder,
Colorado (Attention: Mrs. Margo Lefton). Reports on subsequent months

are in publication now and will ne distributed as printed,

The data have been used to compare measured monthly median
foF2 vs. local time with values predicted by methods employed Ly the
National Bureau of Standards, Boulder Laboratories (NBS, numerical map-
pirg), the USARPA (computer program input data, prepared by SRI),® and
the. ational Physics Laboratory, New Delhi; India. Figure 28 shows an
example f plot; the error curve indicates the difference between measured
and predicted values. The three prediction techniques were rather com-
parable, when sampled over a year, There were often times-of-day during
a given month when cach wculd be best, and also month-to-month variation
of relative prediction accuracy. However, on the average, either the
NPL or NBS techniques appeared slightly better than the USARPA technique.
This is to be expected since the USARPA technique is a longer-term tech-
nique, whereas the NPL and NBS methods require more recent input data.
During 1964 (sunspot minimum), the NBS predictions seesmed slightly better
during summer, and the NPL predictions beftier during the winter, The
average prediction error was about 1.5 ¥c (too high), considering all
three techniques. The error was smallest at sunrise and after sunset,
and greatest at noon and midright. Since the error trends are, on.the
average, of the same sign from month to month, the average prediction
error could pe reduced to £l Mc, using the measured data from the pre-
vious several months,* The error associated with the midday di» of foF2
observed by many workers® 7 siouid be easier to correct than the midnight
variation. The correction curve for 1965, suggested by Capt. Prapat

Chandaket and derived by Rufenach and Hagn, is given in Fig. 29.

# Jonospheric variations make it impractical to attempt predictions

to closer than 0.5 to 1 Mc.

M

T

e Rl R




2 T T | S L | T T T

MARCH 1964

megacycles

FREQUENCY

e

—==0== NBS PREDICTIONS

2 —o0— MEDIAN f,F2 u
—=A== MEDIAN f,FI

|- —— RPA/SRI PREDICTIONS _
—0— NPL PREDICTIONS

. | I 1 | | L1 i | ]

3 T T — T T T T T T T

PREDICTION ERROR FUNCTION — megacycles

£
2 | l | | J | | | | | |
[310] 02 04 06 08 10 12 14 16 18 20 22 24
LOCAL TIME — hours D-4240-472 ;
1
FiG. 28 COMPARISO!! BETWEEN PREDICTIONS AND MEASUREMENTS
55|
|




2N

O R T T N A i e T e s T T I T =
fur.; =~ foF/_ prED. fe

MONTHLY MEDIAN

foF2 CORRECTION /] \ /

]
[

MONTHLY MEDIAN
to F2 CORRECTION, fc~Mc
<
-

1
N

| { ! | 1 { i | 1 i i
04 o8 i2 16 20 24
LCCAL TIME hours - D- 4240 - 493

8

FIG.29 MIDDAY DIP CORRECTION FOR MONTHLY MEDIAN f F2
PREDICTION — 1965

From the data analyzed through the reporting period, we
may conclude that prediction of monthly median values of foF2 for Thai-
land during sunspot minimum can be accomplished well enough when C-2
sounder data are available to set the scale of the midday dip., The next

phase of this work should be to study techniques to improve:

(a) Use of the sounder data to amend predictions
(use the previous month's data or a running
average of the preceding two or three months,
etc.).

(b) Use of the C-2 data to make short-term (time
scale of minutes or hours or days) predictions
of fofF2,

(¢) Use of oblique incidence sounders in conjunc-
tion with the C-2 io define horizontal gradients
in the ionosphere prevalent in the equatorial
regions that would cause an error in the appli-
cation of vertical incidence data to the pre-

diction of propagation over oblique paths,

Height predictions for the F2 layer were also available

from NBS and the USARPA/SRI computer program input data. Layer height,
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hL’ is scaled as the smsllest virtual height for the layer of interest
and is an indicator of the true reflection height for the layer, This
parameter is used in the USARPA/SRI computer program for ionospheric

propagation on oblique paths.

The duta indicate that prediction of monthly median values

of hL is slightly easier than prediciion of foF2 (see Fig, 30, an excerpt

from the Octobcr 1963 data summary, with the predicted hL values added),
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Of the two techniques, the nuuerical mapping seemed the less accurate,
The NBS techn’que predicted too high by about 15 percent during the day;
whereas the USARPA/SRI predictions were about 8 percent low for that time
of day. However, the observed daily variation from monthly median pre-~
dicted values was olten 50 percent or more for both techniques. The
standard deviation of daily observed differences from monthly predicted

values was least during early afternoon and evening,

Fortunately, predictions of MUF for short paths (less than
200 km) are relatively insensitive to errors in hL. For example, on the
66-km path between Bangkok and Aywtthaya, a 100 percent error in hL (150
to 300 km) would cause only about a 2 percent error in predicted MUF; and
on a 166-km path between Ayutthaya and Nakon Sawan, the came height error
produces only a 7 percent error in predicted MUF, For greater path

lengths, the error increases rapidly,

During the reporting peried, work was begun by Mr. Clifford
Rufenach to predict the cccurrence of sporadic E and spread F over Bang-
kok, using the C-Z sounder data base, The approach is to predict the
probability of occurrence at a given hour, based upon the history of
previous occurrences, including conditional probabilities (e.g., probabil-

ity of occurrence at an hour of interest, given that it was or was not

present during the precedin ; hour, etc.), Preliminary results of this

effort are given as Table I,

S H

b, Ure_of Oblique Sounders to Irvestigate Short Paths

Tropical forests severely attenuate HF and VHF ground

waves. In the F¥ case, the skywave signals override groundwave signals
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Table I

LONG T:RM IONOSPHERIC PHENOMENA

(observed on C-2 vertical incident sounder, Bangkok, Thailand)

Month/Year Hours Hours Observed } n
Possible Blackout Spread F Sporadic E

September 1963 604 16 N 1 333
October 1963 717 7 7 218
November 1963 613 3 ) 230
December 1963 719 1 17 305
January 1964 714 10 23 323
February 1964 677 2 44 as2
March 1964 741 10 58 275
April 1964 603 9 27 313
May 1964 656 23 40 4%4
June 1964 662 31 47 427
July 1964 508 45 37 376
August 1964 692 44 40 468
September 1964 566 16 14 . 354
October 1964 318 23 2 131
November 1964 611 21 5 194
December 1964 548 66 1 119
January 1965 526 50 - 313
February 1965 531 41 23 205

rch 1965 422 4 35 213
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at distances exceeding a few miies., For some intermediate distance, both
the skywave and the groundwave will be receivad Oblique sounders can be
used to directlr measure the relative magnitude of each component of the
received signal. The ability of the sounders to scan over the entire HF
frequency spectrum and lower end of the VHF band enables one to examine

a variety of cases pertinent to man-pack and field radios. The efiezct of
various types of antennas on received signnl strength can be investigated
by using selected combinztiors of antenna types on successive frequrucly

3caius,

The convenient piwsical arrangemeant and location of obligue
sounders, required *o accorplish work under another contract [ DA-28-043
AMC-OOOSZ(E)J, where investigations were conducted into the dependence of
ionograms upon receiver sounder spacing on a long-range propagation path,
provided a convenient test of ahkility of the sounders tc investigate
short paths, The sequence of ionograms shown in Figs. "l and 32 were
selected to illustratc one type of sounder output. The path from Mountain
View to Sonoma, Califernia {Fig., 31} is largely over San Francisco Ray,
while the longer path from Mountain View to Middletown (Fig. 32) is rather
evenly c¢ivided between San Francisco Bay and land., The transmitter power
was 30 kw, with a pulse length of 1 msec. The antennas were horizontal
log-periolic types pointed approximately 90 deg from the naths shown.

The transmitter power was much higher than possible with man-pack radios,
-nd the antennas considerably diiterent and elevated tc¢ a height of 80
feet. The test conducted more closely matches the case of two truck-

transportable field radios such as the AN/GRC-26.

The Mountain View-to-Sonoma path (Fig. 31) clearly shows

groundwave on the iower part of the spectrum. A competing skywave is

also c¢learly shown which varies in maximum observed fr:quency (MOF ) and
lowsst observe. ‘requency (LOF) as the ionosphere changes. Ionospherically-
propagated ground backscatter which extends the 2F MOF above the normal
MU: is also showr. on m.ny of the daytime ionograms. The backscatter is

much weaker than the normal one-hop ionospheric path.
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The groundwave observed on the Mountain View-to-Sonoma
path is certainly enhanced by the salt-water path over San Francisco

Bay, The high antennas also result in stronger groundwave signals than

would be expected from low field antennas. Also, noise levels were lower
than one would expect in the tropics. Thus, caution is urged in using or

extrapolating this selected example to an operational context in Thailand.

Weak groundwave signals can be observed on the Mountain

View-to-Middletown path, and the maximum frequency of the signal is lower

than observed on the shorter path, When using oblique sounders over a
6-km path from Menlo Park to Mountain View, using tactical antennas and i
transmitter powers equivalent to man-pack levels, no groundwave was
observed. The only observable signal was identified as a one-hop F-

layer skywave,

Two oblique-incidence sounders procured by USARPA were
loaned to the project to further investigate short paths under a wide
variety of conditions, These two sounders, Granger Associates Model 1807,
are mounted in S-141-type shelters, mounted on rubber-tired wheels. The
mobile units are designed to maximize portability, minimize set-up time,

and be rugged enough for field use,

The USARPA sounders have completed initial checks and have

been placed in operation on an all-land 100-km path between Camp Hunter
Liggett and Hollister, California., Several types of field antennas, in-
cluding slant wire, inverted-L, dipole, and whips, have beeg installed.
The sounder transmitter output power and receiver bandwidth have been ad-

justed to simulate the jperformance of field radios.

Initial trials have shovn that the sounders can operate
into the high standing-wave levels of narrow-band field antennas as long

ag output power levels are reduced, Sufficient data have not yet been

i 7 e M R R

accumulated to permit a complete analysis of the ability of the sounder
to explo.se the propagaticn paths of HF man~pack and field radios, but

initial trials are quite encouraging. No groundwave signals were observea.

s

at the highest sounder power levels {30 kw peak pulse power) using any

of the antennss (slant wire, whip, log periodic, dipole, inverted-L).
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The signal from a pair of slant wire antennas hrs been shown to be about
20 db lower than that from a pair of half-wave dipoles placed a fquarter-
wave above ground, The signal-to-nolse ratio difference during daytime

is even greater thar 20 dt,

Yo Subtask 7--Effects of Tropical Eavironment on Antenna

Performance

o General Comments

Tropical forest areas can effectively modify the radiation
patterns of field antennas installed in the forest. The effect on the
pattern is complex and inadequate data are availiable to accurs -1y model
or compute pattern alterations. Consequently, a series of full-scale
measurements have been initiated.® Precise knowledge of the radiation
patterns of selected field antennas when used over flat terrain and in
selected forest areas are being determined. The Xeledop antenna pattern
measuring equipment is being used.? The Xeledop efforts are discussed in

Paragraphs b, ¢, and d following:

Non-Xeledop measurements on whip and dipole antennas were
performed in Thailand, giving results on gain vs. height, forest polariza-
tion effects, and antenna impedance in proximity to trees., These measure-

ments are discussed in Paragraphs e and f.

b. Flat Terrain Measurements

The antennas, their heights, and measurement frequencies
are listed in Table 1I. They were installed over a flat, disked wheat
field near Lodi, California and Xeledop measurements made to determine

their actual normal patterns,

The antennas were spaced sufficiently far apart to effec-
tively eliminate mutual coupling effects, No metallic objects other than
feed 1lines were permitted near the antennas. The terrain was flat for
several miles around. Special care was taken to calibrate all measure-
ment gear and to carefully record 311 antenna dimensions and physical

characteristics so that measuremencs over flat terrain could be compared
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Table 1I
TACTICAL ANTENNAS TESTED BY XE EDCP METHCD, 10DI, CALIFORNIA

r o Leng?h, Height,g M;i::i::j;f Polariiation
HiesT feet Mc Measurement

Monopole - i5.6 2.0 Vertical

Monopole - 15.6 4,0 Vertical

Monopole - 15.4 5.0 Vertical

Monopole - 15,86 5.0 Vertical

Monopole - 15.86 8.0 Vertical

Monopuie = i5.6 15.0 Vertical

Balanzed dipole 31.2 16.4 4,0 Horizontal

Balanced dipole 31.2 16.4 5.0 Horizontal

Balanced dipole 31.2 16.4 6.0 Horizontal

Balanced dipole 31.2 16.4 8.0 Horizontal

Balanced dipole 31.2 16.4 10.0 Horizontal

Balanced dipole 31.2 16.4 15.0 Horizontal
Unbalanced dipole 58.4 23.0 2,67 Vertical, hori: - :tal
Unbalanced dipole | 58.4 23.0 5.0 Yertical, horizontal
Unbaianced dipole 58.4 23.0 8.0 Vertical, horizontal
Unbalanced dipole 58.4 23.0 15.0 Vertical, horizontal
Unbalanced dipole 77.8 2.0 2.0 Vertical

Unk..lanced dipole 77.8 2.0 4,0 Vert;cal i
Unbialanced dipole 77.8 2.0 6.0 Vertical, horizontal
Unbalanced dipole 77.8 2.0 10,0 Vertical, horizontal
30°% slant wire 58.4 - 2.0 Vertical

30° slant wire 58.4 - 4,0 Vertical, horizontal
30¢ slant wire 58.4 - 6.0 Vertical, horizontal
60° slant wire 46.7 - 5.0 Vertical, horizontal
609 slant wire 46.7 - 15.0 Vertical, horizontal
2:1 inverted-L 58,4 29,2 2,67 Vertical, horizontal
2:1 inverted-L 58.4 29,2 8.0 Vertical, horizontal
5:1 inverted-L 58,1 11.7 10.0 Vertical, horizontal
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with an identical antenna in forest areas or other zavironment. Several
reference antennas of standard types were measured simultaneously with
antennas under test so that some estimates of gain and radiation efficiency
of the t-st antennas could be made, Some of ihe setups will be repeated
using the CGranger sounders and employing an ionospheric reflection for

an add- tional comparison and check.

Figures 33 and 34, respectively, show the horizontal and
vertical polarized® measured patterns of a 8-Mc dipole antenna elevated
23 feet above the ground., The horizontal pattern (Fig. 33) shows the
expected lobes off each side of the antennas and a slight drop in resp(nse
as very high angles are reached. Figure 34 (vertical pattern) shows
well-formed lobes off each end of the antenna at 40° to 50° in elevation.
The 3-db contour of the vertical'éattern is less than 1 db in magnitude

from the 3-db contour of the horizontal pattern.

The data from all types of antennas measured have been
processed and plotted like the examples sihcwn in Figs, 33 and 34, ¥Final
analysis of the data is underway and will b2 reported in the next period.
A site has been selected in a forest area west of Lake Almanor in northern
California for initial forc-t measurements. Plans for moving the equip-
ment into this arca have keen completad and measurements planned during

late April and May of 1965,

o Thailand Xeledop Measurements

Planning discussions have been held between representatives
of USA.IL, Jansky and Bailey, an” Stanford Research Institute on the
measurement of J & B antennas and the Institute tactical antenna selection
in Thailand., Tentative plans have been made to measure antennas in Thai-

land during the next dry season.

# Ref, 9 cortains a description of the reference axis used and a
precise definition of the polarization vector.
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d. F Xeledop

el

The HF Xeledop has been successfully used at frequencies
as high as 30 Mc, and could be modified to work up to 50 Mc. To main-
tain a versatile antenna measurement capability, the Institute has de-
veloped a VHF Xeledop capable of operation over the 50~120-Mc frequency
range. Overall and internal views of the unit are shown in Figs. 35 and

36,

The VHF Xeledop will be used to explore pattern deforma-
tions of VHF antennas in tropical forest areas. Operating procedures will

be similar to those used with the HF model,

e Some Field Strength and Antenna Impedance Measurements in

a Tropical Forest

VHF propagation in tropical forests is affected by several
factors, among which could possibly be: change in wa<« polarization and
other scatiering effects or antenna impedance change due to proximity to

foliage,

A field trip to the forest near Rayong was undertaken to
make a brief examination of this problem., Various combinations of trans-
mitter and receiver sites were used; in fields, along forest trails, and
in Jense forest growth., Antenna polarization angles were varied to detect

signal strength variations due to thne polarization factor,

A second type of measurement was made to determine the
effect upor. the antenna impedance as an antenna was moved with respect

to a large tree in an open area.

A series of back-pack tests were conducted to evaluate

wave scattering effects.

The consequences of using balanced and unbalanced dipoles

were investigated,
A number of preliminary conclusions resulted:

(1) Dry brush or leaves touching the antennas did
not produce noticeable changes in field strength,
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FIG. 36 VHF XELEDOP, INTERNAL VIEW
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(2) Polarization tests showed that for a vertical
transmitting antenna in the forest, signals
received in an open field were maximum verti-
cally and minimum horizontally, but that the
received signal within the forest would have
changes in polariz:tion due to reflections
from nearby foliage.

(3) Antenna input impedance changes due to foliage
were small for a tuned dipole.

(4) It appears that scattering is tne main forest
factor causing degradation of communication
performance,

{5) Detector readings fluctuated greatly for small
antenna movements. It was important toc move
about to obtain maximum readings.

(6) The balanced dipole appeared superior to the
unbaianced dipcle because it was less affected
by its envircnment, gave higher signal sirength
values, and it did not matter which end was up.

f. Antenra Elevation Effects

During early 1965, some antenna elevation effect measurements
were conducted in Thailand in flat, cpen terrain. These measurements were
made to compare the results of independently elevating the receiving and
transmitting antennas, and to compare the results of an elevated 10-foot

whip antenna with an elevated half-wave dipole.

PRC-25 sets coperating on 50 Mc were used. Variable atten-
uators were used atv tae set input; these were adjusted to indicate an
elevation improvement by means of keeping the set output quieting level

constant. Vertical polarization was used.

Results are shown in Fig. 37. A well-known fact illustrated
is the improvement resulting from higher antennas. Figure 38 shows a

typical field measurement effort,

8. Subtask B-~Vertical-lIncidence Ioncspheric Measurements

Ionospheric observations are being conducted at the MRDC
Laboratory at Bangkok. The C-z vertical-incidence sounder, supplied and
operated by USARPA, was modified near the end of the report period to

more closely resemble the more recently developed C-4 sounder, During
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FIG.38 AN’/PRC-10 FIELD ANTENNA MEASUREMENTS
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December 1964, Thai military personnel were assigned for training by RPA
personnel in the operation and maintenance of the C-2 sounder uni:. A

number of Thai technicians are presently being trainec,

Table III gives pertinent information about the site.

Table IIIX

VERTICAL~INCiDENCE SOUNDER SITE
AT BANGKOK, THAILAND

Geographic Geomagneti«
Latitude Longitude Latitude Loigitude
13.73°%N 100.57°E 2.5% 169,83°%E

Dip angle: 10°N
Distance frorm dip equator: 450 km
Equipment:
Instrument: Type C-2 (automatic)
PRF: 60 pps
Frequency sweep time: 30 sec
Frequency sweep range: 1 to 25 Mc
Pulse duration: 50 usec

Peak pulse power: approximately 10 kw.

The laboratory is now compiling and issuing monthly bulletins
of Ionospheric Data {Sec, III), based upon the C-2 measurements and

their analysis,

A typical bulletin contains Table III informaticn, a section

on terminclogy and symbols, ionospheric data, and summary graphs.

A typical data sheet and = median value page are given in
Tables IV and V, respectively; a summary graph is shown in Fig. 39.
Exterior and interior views of tlhe C-2 sounder are shown in Figs, 40

and 41, respectively.
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Characteristic: tof! Table IV

IONOSPHERIC DATA
Sweep: 1 Mc to 25 Mc in 0.5 minut

June 1964
Observed at:
Bangkok, Thailand
Lat., 13.73 N, Long. 100.57E
105°E Mean Time (GMT + 7 hours)
Hour
00 o1 02 03 04 05 06 07 08 09 10 1 12 1
Date
1 F UO21F A A B A c 045% | 053 065 063 ou4 052 0
2 F F F F F A vo33s | o048 053 060 067 061 054 ¥
3 018 F A A A A 036 053 062 068 C65 465 062 0
4 022 F UG21F F A A 038 063 064 A A A A
5 UO22F F ¥ B UO22F F 036 055 065 064 061 052 055
6 024 | UO23F| UO25F F F B 033 |uvo49s { 062 056 056 055 063 ¢
7 U026F) 026 | U0O23F A A B vo39s | 062 070 064 065 | vos2sl v059s] ¢
8 A F A A A A 040 058 068 065 j DOS2R| DOSOR] 062 y
9 F UO21F A A A A 038 055 054 052 052 055 062 C
10 A A A A A A 037 055 056 058 | U050S A A C
11 027 025 | vo25F] 020 019 015 043 064 078 v037s| 065 065 065 C
12 026 A A A A A 034 052 063 068 063 060 058 ¢
13 F F F F F UO23F | U027 3 { U047s | 056 U056S c 053 057 (
14 F F F F ¥ A U039s | U047s | UO55S 057 A A A ¢
15 0228 F F F F A 038 | V0475 | U060S 057 053 | DO45R| DG47R} DX
16 B B B F F A 036 058 055 vo55s| Do53R| D047S] 052 ¢
17 U024 F B B B B 036 055 080 067 068 067 067 ¢
13 044 | UO33F| UO2LF F UOL9F| o016 035 |uo47s| o6l 063 c o] c
19 A A A A A A 036 058 065 o] c o] 065 (
20 024 | UO25F A B F A 036 055 | vo76S 077 082 072 076 (
21 UO32F B B B 021 022 045 055 060 064 070 072 c
22 031 026 023 021 023 4] 039 055 057 060 058 060 062 {
23 038 031 029 025 028 024 044 051 061 068 o071 068 063 {
24 UC29F| UO26F B B A - A 035 057 066 070 065 051 054 {
25 629 F 022 B B & y038s | 955 us7 061 056 051 060 {
26 034 F F A B A 038 062 055 068 057 055 066 {
27 027 F A A A A 042 049 063 070 { U068S] 052 058 | U
28 F F F F ¥ F U055S | U054s | 038 068 c87 065 067 t W
29 c c c c ¢ c c c c c ¢ c c
30 c c c c c c Iy c c c c c c
31
Median 027 026 023 021 022 022 037 055 061 064 063 G55 062
Count 18 10 8 3 6 5 27 28 28 26 23 20 22
uq 031 026 025 023 023 024 039 058 065 068 067 065 065
9 024 023 023 021 019 016 033 049 056 058 056 £53 057
OR 7 3 2 2 4 8 3 9 g 10 11 12 8

#
Tabulation of 045 = 4.5 Mc,




Table 1V

IONOSPHERIC DATA

Sweep: 1 Mc to 25 Mc in 0.5 minute
June 1964
i T
09 10 11 12 13 14 15 16 17 18 19 20 21, 22 23
065 063 054 052 057 053 063 073 083 077 070 ©75 |U063s | 053 | 0i6
060 067 061 054 067 068 076 078 085 086 101 | U039S |U025S B B
068 065 065 062 065 073 077 073 075 075 080 046 {U0345 S A
A A A A A 073 077 067 071 071 079 058 |U0425 A 022
064 061 Vg2 055 s A 064 066 066 080 082 085 052 037 025
056 056 055 363 064 063 063 076 07 085 080 |L057S |Uo41S |uo37s | n3r
064 065 | U052S| UO5DS| 062 070 076 082 074 069 068 059 053 1U037S 3
065 | DO52R| DOSOR] 062 065 064 071 07C 068 975 076 059 046 038 |UO3SF
052 052 055 062 071 076 o] 8% 089 163 072 |U039S B A A
058 | Uo0s08 A A 054 A 085 086 072 070 070 069 064 047 035
| y037s| 065 065 065 070 075 083 086 0% 090 084 068 038 030 A
| 068 063 060 058 c70 071 081 o] c o] 085 070 |[U048F |U036S jU032S
U056S c 053 057 066 °i5 379 085 | u09ss | 087 070 | U067S JU060S |U0S0S F
] 057 A A A 059 067 074 075 077 | U005 | 085 }JU080S | 037 B B
S 057 053 | DO45R] DO47R| NC47R| P04vS] 056 | U066S | 074 082 085 0€1 | 036 B 3
' v055S] DO53R} D0O47S] 052 054 055 060 066 073 071 080 087 jU046S juo3acs | 023
| 067 068 067 067 965 3 usTis| 075 075 082 077 071 061 057 22 041
| 063 C o] @) < c ¢ o] o] o] o] 061 043 037 F
C o] o] 065 068 c C (o] C 080 085 057 046 | 032 025
s 077 082 072 076 082 085 085 087 082 085 085 073 058 050 041
064 070 072 c o] o] o] 070 077 082 084 072 054 |vos508 | 039
060 058 060 262 065 A 071 077 078 0% 080 068 060 |U047S | 043
058 073, 068 063 065 074 084 075 075 078 082 066 A 3 A
070 065 051 057 060 065 07¢ 075 | vov2s] o078 |vosos |uo75S JU048S | 036 A
061 058 051 060 065 068 073 075 | vo72s | volos | vo82s S v035s | 036 035
068 057 055 066 064 074 | UO70S| U074S | 0484 091 | U0853 |U0455 A vo21s | 023
070 | voess] 052 c58 { U0548| 070 072 075 075 084 084 068 062 045 JUO45F
068 067 065 067 | UO75S}] 082 080 082 o] o] (% c o] o] o]
c (o] (¢] o] C c o] (o] o] o] C o] c c (o]
c o] c o] o] e o] (o] c o] o] o] o] C c
UB4 033 955 062 063 071 0758 075 076 080 081 067 048 037 035
26 23 20 22 23 21 24 25 24 25 26 26 24 %0 16
‘ 068 067 065 065 068 075 080 082 083 035 [ 085 [ U7T2 U58% U7 UAT
058 056 053 057 059 066 070 070 074 075 v7e 058 039 36 026
10 11 12 8 9 9 10 12 9 10 9 17 19 11 15 |
; ]
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FIG. 41

C-2 SOUNDER, INTERIOR VIEW
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9., General Support

Efforts which do not fit under the eight subtasks are classified
as support to MRDC. These efforts are further classified as direct re-
quests from the Thai MUD or ARPA-RDFU, or as necessary routine laboratory

efforts.
Examples of the first “ype are:

(1) Village Radio Program study

(2) Thermo-electric gemerator

(3) Low MUF study

(4) Vietnam patrol antenna study

(5) Thai military radio-teletype experiments

(6) Ionospheric deviative absorption experiment.,

a, Thai Military Radio-Teletype Experiments

Thai military personnel with support from Institute labora-
tory personnel have conducted a series of experiments using U.S. AN/GRC-26
radio-teletype equipment, This equipment was first modified by the BRoyal
Thai Army to incorporate Thal language teletypewriters (Nippon Electric
Compauy ), thus providing a Thai language capability in such vans.

Following this modification, tests were performed at the
laboratory to improve remote control characteristics, and satisfactory
remote control at a mile or more was achieved. Field tests of the same

system were conducted between Bangkok and Korat.

The next phase of effort was to use the same system to
test ideas on diversity applications which resulted from the dipole
orientation theories and experiments (Subtask 3). These results are Als-

cussed in this report under Subtask 3.

In the last phase of this effort, the Royal Thai Army
personnel, with MEDC Electronics Laboratory support, has initiated an
invectigation using the Thai language teletypewriters over a U.S.

military-type VHF carrier system,
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b. Thermo-Electric Generator

Some laboratory effort was dowcied to a study of a
charcoal-fired thermo-electric generator, The thought was that such a
generator (already developed by Minnesota Mining and Manufacturing
Company) could be used in remote Thal villages to power TR-20 village

radio equipment.

In the tests. the generator worked satisfactorily. How-
ever, die to the heavy current redquired in the TR-20 transmit mode, the
battey associated with the generator was found to be inadequate (1ntef—
nal resistance too high). Calculations were then made to estimate the
generator capability to permit a reasonable transmit-to-receive ratio
on the TR-20, assuming a sufficiently large storage battery were used.
The calculations showed that the thermo-electric generator could produce
150 watt-hours per 12-hour day; with this charging cycle, the trausmitter

could operate only 27 minutes per 8-~hour day.

Thus, improved performance requires more generators or a
larger generator. An alternate soluticn to the problem uf obtaining
operating times greater than about one-half hour per day, using the
thermo-electric generator tested, would involve a radio set with a re-

duced transmit current requirement.

c. TR-20 Village Radio Study

During this period, laboratory personnel participated in
a study of technical problems associated with the Thailand Village Radio
Program. Model TR-2C transcelivers are used in this system. These units
are uormally used for commmnication between a Tombon (subdistrict admin-
istrative center) and an Amphur (district center), and are usually quite
dependable, Communication failures include power supply failure or set

malfunction.

The TR-20 *“ransceiver is an amplitude-modulated (voice),
one-channel, crystal-contrclled unit operating in the 30-40-Mc range,
with a power of 20 watts, Tihe unit car be powered from a l2-volt dc
source or a 115-volt ac source; it is simple to operate and requires no

adjustment or tuning after initlal installation, At all sites visited,
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the A-20 antenrse was used; tbis is a standard monopole with a three-wire

couwnterpolse, at least 25 feet above ground.

Power supply failure results from lack of spare batteries
(uo village has commercizl power) or charging facilitles., Battery life
is a direct function of transmitting time because the receiver (all-
transistorized) drain is quite low. Transportation of the batteries to
the Amphur for recharging may take several days during the dry season
and may be impossible during the rainy season. The usual supply consists
of two 6-volt, 70-ampere-hour batteries in series.

The maximum effective ruange of the TR-20 with the preseat
antennas is estimated at about 50 km over flat land with only scattered '
trees. A greater range would be desirable to allow the Changwad {pro-
vincial capitol) to commuricate with its Amphurs directly without the
necessity of relaying. This could be accomplished by using a directional
antenna and/or elevating the antenna. The latter would be especially
beneficial in heavily-forested z2reas where elevation above the forest

cano>py would greatly improve the range.

No repair facilities or back-up sets are locally avail-
abls. When failure does occur, the set iwust be shipped to Bangkok for

repair and the Tombon is left without commun® ations for two to four months.

These and other aspects of the set and system are under

study, suc! as useful range and reliability.

d. Routine Laboratory Effort

Some routine but important Bangkok iaboratory efforts are:
operation of a VLF receiver to maintain accurate calibration of the
laboratory time and frequency standard based upon received 16-kc signals
from station GBR, Rugby, England; operation of other T-van equipment,
such as the lightning flash counter, satellite recording system, and
gix-channel noise recorder; repair and calibration of laboratory test
cjuipment; and communication bztween the T-va1 and field crews via HF

SSB equipment.,
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Other laboratory activities are' conducting seminars and
classes for training Thai technicians and NCO's in equipment repair and
calibration, and making scientific contacts in Thailand and elsewhere

in Southeast Asia.

e. Scientific Contacts

An important part of the laboratory activities has been
the numerous scientific contacts established with ionospheric research
groups in other Southeast Asian couatries, Such trips permit the ex-
change of information with other communication and/or research facilities
concerning ionosondes, lightning flash counters, noise measurements,

iounospheric research, and satellit- data analysis.

This exchange brings laboratory personnel up to date on
items of communication research pertinent to this area, enlarges the
perspective of laboratory guidance, and provides needed scientific infor-

mation,

Visits have been made to ionospheric research groups in
Singapore, India, Japan, Hong Kong, Macao, Malaysia, and the U.S.
Ionospheric data are exchanged between Bangkok and Japan, Macac Taiwan,
Hong Kong, the Philippines, Singapore, and Iandia. A joint satellite
reception and data analysis effort is conducted by Bangkok, Singapore,
and Hong Kong. Other joint experimenis with other countries are under

consideration.

Local contacts are maintained with the Thai Meteorological
Department, Chulalongkorn University, Postal Telephone and Telegraph
Organization, National Documentation Center, Applied Scientific Research

Corporation, and many other Thai organizations,
£. Seminars

During this period, a number of seminars on pertinent

technical topics were conducted, as follows:
(1) Discussion of bandwidth concepts--R. L. Brown

(2) Solar flares, sudden ionospheric disturbances,

and their radio effects--E, T. Plerce, G. H, Hagn
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(3) Absorption considerations in ionosphert: path
system calculations--G, H. Hagn

(4) sSignals above the MUF--G. H. Hagun
(5) ARN-3--R. L. Brown

(6) Effective range of lightning flash counter--
E. T. Pierce

(7) Fading of radio waves--K. D. Felperin

(8) Effective range of VHF man-pack radios in
forvests--G. H. Hagn.

g. Implementation Plans

Implementation plans have been written as fnllowe (using

new task numbers):
Task 1--Conduct of RF Noise Measurements

Task 2--Special Magnetic and Ionospheric

Investigations

Task 3--Investigation of Ionospheric Factors
Related to Local Frequency Prediction

Task 4--Investigation of Effects of Tropical

Environment on Aatenna Performance,

These plans were originally submitted by R. E, Leo on about 20 October

1964 and have undergone subsequent revisions and refinements,

h, Miscellaneous

Laboratory personnel have devoted some time tc the Acadenmic
Researcn Committee. This committee, formed by ARPA-RDFU, has been
established to promote a closer match between MRDC research needs and
Thai University research capabilities, in order to accomplish more in-
country military research. After a series of meetings and discussions,

a charter draft was submitted to MOD and ARPA-RDFU in January 1965,

85

Ml i T T S e———



T

et

II1 PUBLICATICNS

The following reports have been published on the contract. Those
marked with ar asterisk were published. during the period covered by this

report.

W. R. Vincent, "Research-Engineering and Suppory for Tropical

Communications,’ Semiannual Report 1 (March 1963).

"Research-Fngineering and Support for Tropical Co>mmunications, Semi-

annual Repurt 2 (September 1963).

# "Researh-Engineering and Support for Tropical Communications,” Semi-

annual R¢port 3 (October 1964).

% "Resea, ch-Engineering and Support for Tropica. Communications,” Final

Report, 1ol. 1 (September 1564) . ;

W, R. Vinient, "Voice Tests on Man-Pack Radios in a Tropical Environment,”

Research remorandum 2 (July 1963) .

W. R. Vincent, 'Field Tests on Man-Pack Radius in a Tropical Environment,"

Research bemorancum 3 (Jaly 1963).

T. S. Cory, 'Scale-Model Measurements on a Sloping-Wire Antenna,’

Research lemorandum 4 (June 1963).

G. H. Hagn, "Orientation of Linearly Polarized HF Antennas for Short-Path
Communic-tion Via the Ionosphere near the Geomagnetic Equator," Research

Memorandam 5 {August 1963).

G. H. Hegn, 'Orientation of Linearly Polarized HF Antennas for 3hort-Path
Communication Via the Ionosphere near the Geomagnetic Equator,’ Research

Memorancim 5 (Revised), (June 1964).

T. S. Cory and W, A. Ray, "Measured Impedances of some Tactical Antennas

near Ground,' Research Memorandum 7 ( February 1964) .

85

S

gt

— . R ——— R T W T DA T e I SR 5 25 S TINEAT MR




# G, H. Hagn, "Absorption of Jonospherically Propagated HF Radio Waves
under Conditions where the Quasi-Transverse ( QT) Approximation is Valid,"

Special Technical Report 9 (September 1964),

# V. T, Nimit, "Ionospheric Data: Bangkok, Thailand,” Xonospheric Data
Report-~-September 1963 (March 1965),

¥ V. T. Nimit, "Ionospheric Data: Bangkok, Thailand," Ionospheric Data
Report--October 1963 (March 1965).

# VvV, T, Nimit, "Ionospheric Data: Bangkok, Thailand, Ionospheric Data
Report--November 1963 (Mzrch 1965),

* V. T. Nimit, "Ionospheric Data: Bangkok, Thailand,” Ionospheric Data

Teport~-~December 1963 ( January 1965).

* V. T. Nimit, "lonospheric Data: Bangkok, Thailand," Ionospheric Data

Report--January 1964 (January 1965).

# V, T. Nimit, "Ionospheric Data: Bangkok, Thailand,'" Ionospheric Data

Report--February 1964 (December 1964), f

* V, T. Nimit, "Ionospheric Data: Bangkok, Thailand,” Ionospheric Data
Report-~March 1964 (December 1964).

*# V. T. Nimit, "Ionospheric Data: Bangkok, Thailand,' Ionospheric Data
Report-~April 1964 (November 1964),

V. T. Nimit, "Ionospheric Data: Bangkok, Thailand,' Ionospheric Data
Report~--May 1064 (August 1964).

# V. T. Nimit, "Ionospheric Data: Bangkok, Thailand,” Ionospheric Data E
Report--June 1964 (September 1964).

* V. T. Nimit, "Ionospheric Data: Bangkok, Thailand,' Ionospheric Data
Report--October 1964 (March 1965),

# V., T. Nimit, "Ionospheric Data: Bangkok, Thailand,” Ionospheric Data
Report~--November 1964 (March 1965),

# V, . Nimit, "Ionospheric Data: Bangkok, Thailand,' Ionospheric Data
Report--December 1964 (March 1965),




o = T e X S E‘—'ﬂ@:%

REFERENCES

"Tropical Propagation Research,’ Semiannual Report Number 4, Contract
DA-36-039 SC-90489, Jansky & Bailey, a division of Atlantic Research
Corporation, Alexandria. Virginia (January-June 1964),

"Groundwave Field Intensities Including Groundwave Field Intensities
within the Line of Sight," Technical Report 3, Signal Corp Radio
Propagation Ageuncy, Fort Monmouth, New Jercey (Revised Juiie 1949,
Second Printing April 1956).

H. Bremrwer, Terrestrial Radio Waves, Elsevier Publishing Company,
Ansterdam, New York (1949).

0. K. Garriott, 'The Determinayion of Ionospheric Electron Conteat
and Distribution from Satellite Observations," J. Geophys. Res.,
85, No. 4.

E. A, Clarke and E. M. Young, "The HF Propagation Prediction Programc
for the IBM 7999 Computer,” Final Technical Report 2, Contract
DA-36-039-8C--85052, SRI Project 3340, Stanford Research Institute,
Merlo Park, California (May 1962).

B. W. Osborne, ''Note on Ionospheric Conditions which may Affect
Tropical Broadcasting Services after Sunset,” J, British Institute
ladic Engineers 12, 110 {l'ebruary 1952).

T. W. Bennington, "Equatorial Ionospheric Effects: Post--.'unset
Fading on Long-Distance Rad’o Circuits,” Wireless World 66,
pp. 501-506 (1360),

R. E, Leo, "Investigation of Effects of Tropical Environment on
Antenna Performance,"” Implementation Plan, Task 4, SRI Project 4240,
Copiract DA-36-039 AMC-00040(E), Stanford Research Institute,

Menlo Park, California (21 October 1964, revised December 1964).

C. Barnes, 'Xeledop Antenna Pattern Measuring Equipment, 2 to 50 Mc,"”
Stanford Research Institute, Menlo Park, California (January 1965),

88




UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security clzualilcation of title, body uf ebstract and indexing annctation mual ba enteted when the overell report 1a clavsilied)

1 ORIGINATING ACTIVITY (Corporale author) 28. REPORY SECUAITY C LASSIFICATION
UNCLASSIFIED
Stanford Research Institute
Menlo Park, California 94205 S0 e
3 REPORTYT TITLLC
RESFARCH ENGINEERING AND SUPPORT FOR THOPICA', COMMUNICATIONS (U)
4. DESCRIPTIVE HOTES (Type of report and inclueive dates)
Sewi-Annual Report #4 I September 1964 through 3 March 1965
5. A'JTHOR(S) (Lest name, tirst neme, initiel
la ., R, E.
liagn, G. H.
Vincent, W, R.
6. REPORT DATE 7* TOTAL NO. OF PAGES 7b :O. OF REFL
October 1965 100 9
8o CONTRAGCT OR GRANT NO. 9. ORIGINATOR'S REPORT NUMBER(S)

A 36-039 AMC-00040(E)
b PROJECT NO.

AMC Code #5621-11-919-01-(3 »

c. 9b. QTHEN REPORT NO(S) (A ny other numbere that mey ba sseigned

thia re
AMC Sub Task #1P6 20501 A 1480113
g bertaining to ARPA Order #371

10 AVAIL ABILITY/L!MITATION NOTICES

Qualificd 1equesters may obtain copies of this report from DDC,
DIXC release to CFSTI not authorized.

11. SUPPL EMENTARY NOTES 12. SPON3ORING MILITARY ACTIVITY
Report on communications research in U. S. Army Electronics Command
tropical vegetated environments, Fort Monmouth, N.J.

13. ABSTRACT

Communications rcsearch in a tropical environment is needed to develop
improved equipment and techniques for use by military forces in Southeast

Asia and rther areas of similar environment. 7This report covers the follow.rg
research effort in Theiland during | September 1964 through 31 March 1965:

1. Test and evaluation of tactical communication techniques ¢nd devices
was performed.

2. RF noise measurement study was continued.
3. A series of HF antenna orientation neasurements were conducted,

4. Faraday rotation experimenis were continved vsing data from
satellites Transit 4A and Beacon S66.

5. lonospheric data from a C-2 sounder in Bangkok, Thailand kas continued
to be compiled and publishzd in report {orm.

6. Xeledop antenna pattern measurem .ts of selected field antenpas were
made over flat terrain and in sele~ted forest areas in OONUS,

DD 7. 1473 INCLASSIFIFD

Security Clascgification



UNCLASSIFIED

Security Classification

18 w LINK A LINK R LINK C
KEY WORDS ROLE wt ROLE wT ROLE w7

l’rurngatinn 8, 10 4

Techniques 10 4

Tropical Favironmeit 8, 10 4

SEA - Southeast Asia 4

Thailand - SFA 8.7 2

RF Noise 8.7 4

Ground Constants 8'7 4.3

Antenna Performances 8'7 4'3

Mignetic Investigations 8'7 4’3

lonoapherse Investigations ' '

1. ORIGINATING ACTIVITY. Ente: the name and addresa
of the contractor, sul ~ontractor, grantee, Department o. De-
fense activity or other oigarmizstion {corporate author) issuing
the report.

2s. REPORT SECUR LY CLASSIFICATION: Enter the uver
sll aecurity clansificstion of the report. Indicate whether
'"Restricted Data’’ is included. Marking is to be in accord-
ance with appropriste security regulatlons.

2b. GROUF: Automatic downgrsding is specl’.ed in DoD Di-
rective 5200. :0 and Armed Forces Industrial Manual. Enter
the group number. Also, whern applicable, show that optional
merkings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in sil casea should be unclassified.
If @ m2aningful title cannot be selected without classiflca-
tion, ahow title classification in all capitals in parenthesis
immediately following the title.

4, DESCRIPTIVE NOTES: If eppropriate, enter the type of
repori, e.g., interim, progress, summsry, annual, or tinal.
Give the inclusive dates when & specific reporting period is
coveved.

5. AUTHOR(S). Enter the aame(a) of author{a) as ahown on
or in the report. Enter last name, first name, middle initial
If military, ahow rank and branch of service. The name of
the principal «uthor is an absolute mlnimum requirement.

6. REPORT DATYL: Enter the date of the report as day,
month, year, or month, year. If more ther one date apr cars
on the report, use date of publicstion

7a. TOTAL NUMBER OF PAGES: Tl total page count
should follow normal pagination procedwea, i.e., enter the
number of pages containing information.

76. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If sppropriate, enter
the applicable number of the contract or grant under which
the report was written

85, &, & 8d. PROJECT NUMBER: 'iInter the approprlate
militery department identification, auch as project number,
subproject number, syatem numbers, taak number, stc.

95. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report number by which the document wiil be identified
and controlled by the originating sctivity. This number must
be unique to this report,

95. OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator

INSTRUCTIONS

impgosed by aecurity clssaification, using standsrd statements
such as:

(1) ‘*'Qusiified requesters may obtain Zopieg of this
report from DDC.**

(2) ‘" Foreign announcement and ¢issemiration of this
report by DDC 1s not authorized. '’

(3) *“*U. S. Government agencies may obtsin copies of
this report directly fro-. ODC, Other qualified DDC
users shall request through

"

(4) *“'U. S. military agencies may obtain copies of this
report dlrectly from DDC. Other qualified users
shall reyuest through

.11

(5) ‘*All distribution of this report is controlled Qual-

tfied DDC uaers shall request through

if the report has been furnighed to the Office of Technical
Services, Department of Commerce, for asle to the public, indi-
cate his fact snd enter the price, if known

1. SUPPLEMENTARY NOTES: Use for additionul explens-
tory notes.

12, SPONSORING MILITARY ACTIVITY Enter the name of
the departmental project office or laborator ; sponsoring (pay~
ing for) the research snd development. Include address.

13. ABSTRACT: Enter an sbstract giving a brief and fsctual
sumnmsry of the document indicstive of the report, even though
it may also appesr elsewhere in the body of the techaicnl re-
port. If additional space is required, a continustion sheet ahall
be attached.

1t is highly desiiable that the ststrsct of classified reports
be uncisssified. Each paragrsph of the sbstract shall end with
an indication of the militury security clusslificstion of the in-
formation in the paragraph, represented as (TS), (S). (C), ar (V).

There is no limitation on the length of the abstrect.
ever, the suggested length is from 150 to 225 words.

Bow-

14. KEY WORDS: Key words are technically mes..ngful terms
or shoit yhrases that cheracterize a report and snay be used ss
Index entries for cataloging the report. Kr, words must be
selected so that no security classification is required. ldenti-
fiers, such us equipment model designation, trad. nsme, military
project code nsme. geographlc locstion, msy be used ss key
words but will be followed by sn indicstion of technicsl con-
text. The sssignmen. of links, rales, and weights is optionsl.

or by the sponsor), also enter this number(s).
10. 'AVAILABILITY/LIMITATION NOTICES: _.nter any lm-
itations on {urther dissemination of the report, cther than those
FORM
DD Y JAN 64 1473 (BACK) UNCLASSIFIED

Security Classification



